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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide titanium dioxide microparticles which exhibit higher 
photocatalysis than the conventional upon being irradiated with visible rays and develop 
photocatalysis excellent in stability and persistence, to provide a method for producing the 
same, and to provide a method for producing a visible-ray-activatable photocatalyst. 
SOLUTION: The titanium dioxide microparticles are obtained by heat-treating titanium dioxide 
microparticles as a raw material at 500 to 620° C in a reducing gas atmosphere containing a 
nitrogen-containing gas to dope the titanium dioxide with at least one member selected from C, 
H, and S and with N. The obtained titanium dioxide microparticles are characterized in that the 
concentration of the formed acetone gas is at least 500 ppm or higher when the concentration 
is measured by placing a 10 cm-square uniform layer of 0.2 g of the titanium microparticles in a 
one-liter gas bag, setting the initial isopropanol gas concentration at 1,500±150 ppm, and 
irradiating the sample with light from an ultraviolet-filtered fluorescent lamp for 1 hour at an 
intensity at a wavelength of 420 nm of 0.5 mW/cm2. 
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: < 1 0 n m 

«r fi t 1 f p gc iftffltfiiim^SrfflW) 
[ 0 0 3 9 ] 

II 1 jo J;(/l 2 Cio^T, 1 # £ ffll CO fc° - ^ [ i % t i - N - T i CO & #t ffi I- fe 5 N (7) 50 
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4 *3 , l # & IR'J <D h° - * , NH x (D»T?lBftf ^ yftSf wtffii^Kf *nr^5 

m l £ H 2 £ cd Jt lit frb m h 4 <fc 5 , *ilp p pl:o^tli, z. it ft ^ * v co o ^ N 
I- B ^ * to o T i - N - T i©»^*t«*S*<ttffl*n, £ , T i - O CD Rt ffi K A 0 

[ 0 0 4 0 ] 

5 , H 3 ~ [H 6 {C, ^ yStf^tl^Ift ( T P D ; T e m 
perature Programed D e s o r p t i o n ) C J; ^ifi|^^^) 
* ^ h £ Tjk -t Q JSLMtf * It, * ft tt , i 3 ^ N 2 , H 4 ri* H 2 , B5^C0 2 , 16 
^m/e =6 8 T'fo S fiJ^l:o^T^ If: t WT'fc S„ 

[ 0 0 4 1 ] 

4 *3 , T P D <0 »] j£ # 13 , «T^t*5»5T**)5o 

3£ B : #iWi^/^»tfr8I (TPD, Model 

:Thermo Plus TPD type V) 



tStltS^P tir/L^ (M6mm, ^ 2 . 5 mm) I^S 20 
4 0 - 9 0 0 °C 
1 0 °C / m i n . 
81^* - KT I C ( * *r * V ) : m / e = 1 ~ 1 0 0 
i^lfel^S : S 2. 0 X 1 0 * 6 P a 
[ 0 0 4 2 ] 

i!3~ll6[C^Lfc^fcf9, N 2 , H 2> C0 2 , m/e = 6 8 f fc 5 iS^li^f t , 
700 °CJ^±(C^^T^gtt o -^^|g^^tL^o 

• <d x o f- , 7 o o x: & ± <o a a tge m m £ ti z> k, m t° - * is , * m w t- « 6 r n it r 

ix5 0 30 

4*5, 7 o ot*iofii«i:*^tfc, tr- * ii«ao £ n s ^ , ^ne>«, rift? 

iRW4e^*Il:*4t5N, H, C tc J; S fc <D"Cli4 V*. 

[ 0 0 4 3 ] 

* d°p ( N K-^i) ^^a*ffittM**<lRfi^lCio^rii«5]3 7 OlCT'fc-SOCWLT 40 
, * S£ W a°p IC 4o ^ T ii 7 0 0 °C U ± £> h o 

L fc # o T , # « 9! fi IC *5 V* T t± , :Om/e = 6 8 tfc^l&^liftf ^y^i 

[ 0 0 4 4 ] 

Wi^^fc, 1 u m Sk T "C h h Z t 1fi# * L < , «p id , - ft: (ft 1fi , SSI Onmail 
0 0 nm«T^S«^T?*)Srt^ff*L^o StEttf Wfil(13 0-4 0 n mflgt'fc 

- r co J: 9 4 & & ffi K 5 - ft f- 9 > » S -7- (i, m ffl « t> , » ii lz ffl ^ ^ c <b 
^ ^ S . 50 
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[ 0 0 4 5 ] • * 

Wi:, tti:»fkf ^ ^SiS^o. 2 g t l o cmH*i:«-|i LfcK»fcS»i I o 

L , SS E K «■ M , **H»^a*Sttfc*jt *T 1^, Sfi4 2 0 nmi:jott58S0. 5m 
W/cm 2 tnfF B 1|»i v £ fig L fc r ir hV#*ftjg^5 0 0 p p mKii:45 

i PA(4gMk£ft£^ rt h y^^fSt^c itftKJ&^JitT-i-st, ft ft 10 

14 , tfc* $L$L-t Z> * P a co » {fc; K i* % 5fcttj&fttt«rfffi!fi1- 

[ 0 0 4 6 ] 

ft torn W k J: 5 fttt&ffitt £ a u-eks, 

* ^ , *J U it m $fi *f LT«tLfc***lfStt*^+bro^feSwt<7)^?!6{l:«riaS w <b # 
X % 6 o 20 
[ 0 0 4 7 ] 

KT, fcBHfcttS-lfcflsf-Jvfctt^ttie**^ 

*f , IlUkf ^Vftttf 0. 2g^^(C^fc$^T,^n^l0cmX10cmCO^ 

li/7^fil:i«L, 5 0tt - life K; « £ -£ , wftfcWRf***.*:-*-*, 
. ft fc , - <d « R K ft «r , SSl l K5-^y^l:A*ifc», O/d^/-^ (I 

pa) m % * % ^ fc £ a * r x k 7 - ^ y ^ h fc i u# pa e at * , - g£ ft ^ * v » n =t <n 

fc J: 0 S'J £ L , IPA#*«£riM 500ppm±l50ppm,T1?bV#*jBft# 30 

0 p pmi45«t5i:!t*^^fc«!lL, o ^ fi £ ^ m ft AS It ml ( S ft ) (^tti^t^ 

o 

* -L T , Su IS -r K7-^y ^t, 8ft 4 1 0 n mK7«)**Hlt * y htS7^/i/Ai 
K # £ fc * ft; *T £ ffl T % Sft4 2 0 nmC*Jlt5*S* 0. 5 mW/ c m 2 (0)t^ 1 

0# fffl KB » $ > I PA^^g|fci;i;i P A <d m it fc <fc V ± & L fc 7 1? h y # * ft £ ifi] 36 
*^^(^§igfbf ^yjSt^ii, :»iio7t hy#*»*as5 0 0 P pmJt^± 

[ 0 0 4 8 ] 40 

±Eoj:9ft^ra*wBa»T»-*j»t* i p Awsftgu^ffii^flj, -r & *> *> , i pa 

K{kffittS:?ni-wtf4, '>-^A^(OJSIi:f fchtt^*/^7^7t K?^7/vf 

l fc a* o x , * is fc fii § r { t ? ? > u tt ^ f± , pra*»ttffl***ii4 l r # ig fc as 

[ 0 0 4 9 ] 

#*££tpS7ci4#*#fflftT, 5 0 0 °C ± 6 2 0 °C W T T* SKI to a 1" S 1 <t lc «fc «9 # 6 50 
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[ 0 0 5 0 ] 

fc5:i)»«fftU^, * fc , rw-iJcffi^oltSBSati, 3 0 0m 2 /g^±-C & 

[ 0 0 5 1 ] 

£ fc (* R £ , N^^#*£^fr3i5cff#*#fflmT, 5 0 0 °CW16 2 Ot^Tti^I 
1" 5 fc 6 o 

:wj;9C, ft ffl ^* ( tt * ) SrBfJfewJKtt^rtJiJLTWbttfcriUK*^, £ 6> j£ W 
£ fe£ £ * it fc «e £S f* , * fc tt s CVD«l:J:9»RltLfcB?S:, ±ISr^fc^^vJ®^ft 

l± R g # £ * Ms DC t Ltgfflt5:HK^S„ 

^ 4 /fi*t m t ft ^ o 

[ 0 0 5 2 ] 

iffiwi $ £ ft * fc li R it % & ?L * X* h 3 r 4 # «t 9 # £ L ^ 

o # 7L * T? *> ti tf , * ftfe !« ^ it m m m # * # < ft 9 , £9rt»l:tT*i5SftAL^t<ft 
5 fc * Sf * 

S*ffl^tiL5xiit>^, #J X. s ft fM ¥ 7 - 1 8 7 8 5 2 ^ & fc IB ft S H T ^ 5 <t 

?ft«#ef&fcJ:9Mffi1-6r4##*L^ 0 r<&J:5fc*#iefcfcJ:ai(S;fr&li, M 

[ 0 0 5 3 ] 

± IE <n <fc 5 ft ~ BHfc ^ ? >^^^^fc{±^^7tf^^M3t^^<7)|^ig^fe(d^[t5^^M 

* , 5 0 0 °C El _k 6 2 0 °C T "C h 6 Z t # 4 L ^ . 

5 0 0 °C Tie m £ fc \t 6 2 0 tS:fix.5iaaT*l»teItfTof:«^|j:, *ttttC^ + 5>ft^ 

±mm&mM&n , j: *> # * l < f* , 5 3 otwis 9 ot^rt^5 0 

[ 0 0 5 4 ] 

* fc , ± E f» S , r iHk ^ * >Md N £ K ~ £ it £ fc # fc , N^W#*£<afril^; 

iEN^f^^ t Ltli, N 2 , N H 3 , NO, N0 2 * fcffl^Sr H s t#5, 

* fc , M5ttt#*#H^41-£fc#fc, ±!BN£##*fcH 2 *?4<7>S£#;*£fln*T 

fc «t 

[ 0 0 5 5 ] 

* fc , - S§ it V fc C , H t> K - 7* £ -fr S fc ft iz , N , C^j:(/H^^^^7fi^ 

T, *fc(i, NH 3 ^f^iaj:t/c*:*tp^^#HftTr-, fftfea*rfToTJti^ 0 

WfEiC£^fr#x<tLTf;fc, H % <5 / ? y , ^ ^ > , 7 0 n/<>, 7 * y <D 1% it 
13* (D fife, -g^fbJ^I^, "KfkK* *as*(f fttc, «{k**^^35«flFii^ffll^ 

±iBco.t9ft^^#iaai±, l llw^^Srffl^tt ±< , 4 fc , ffi»as^^^«:fl 

Ut»«LTU^, * fc , ^ ffi ^ * £ S ^ L T fc H L X 7L ft ^ o 
[ 0 0 5 6 ] 
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M 7L tf , NH 3 #*loJ;tfjgHk**# H * & ffl ^ 5 » £ (C i* , ffc 7k X # * tt 
% N H 3 13 x Jf'D 6 '> % ^ r # & L < , NH ! ^^l:#LT2'v70%'efc5:i^jff 

[ * ik m ] 

[ 0 0 5 7 ] 

t> sips £ ft 5 t> cotms ft 

[£lft« 1 ] 

^ i{t 3 0 0 Ow t p p m& XXI f%m 1 5 Ow t p pm£ h* — 7 L tz T ~T # - If ®L & it 
f ^afif (Sllil Onm, fiSjB3 O nmOft««W-ftfi[f ) £ A t tz „ 10 

[ 0 0 5 8 ] 

w^^rfi^SttfffilliRRtt, T G <E> # ft J; 9 fx o . 

cmX 1 0 c mOi^^f7^Si:it L, 5 0 t "C-ft Si ^ f , - tl%mmU l $\- t L tz 

#C , :: <o S* » I* £ , §81 I 60 x K 9 - /< y ^ A ti tz % , 0^0^/-^ (I 
PA) ^^^^/Wc^^&tt" F7-^7^C 1 fB if IS £ it , ^ ? y * V> # 

r co g£ # * co i PAjoJ:^rti>y^^xi8S^^^^P-7b^77^ (sh ima 20 

dzu GC-8A, *5A:ft»/^5/^K*7ASBS-100) lc J; ^ $i] £ L £: ^ 
5, IPAI2 1600ppm. T"feh>fi*tfcffl (ND) ~C o fc c CO«tffiS:pIffi3tfl8 
St W ( S 4U ) oo^fllt L tz o 

±^I7^/Kft^^?ig UV Gua r d UGP20WL1 0) $ ^ttz%$£ 

*T (To sh i ba FLR20S, W / M ) £ ffl V> T , jSfi4 2 0 nm(C*3ttS3t»S 
0. 5 m W / c m 2 CO ft £ 1 0£ |$ #t , I P A ^/ X jg g J; I P A O ft C J: ^ J$ 

rco^^^rS 1 £ * 1" . 

ft *5 , ^orSfk^^vaft^li, HI, El 3 ~ 6 Id ^ L tz X o ft * * ^ p p n £ L X CO ft 30 

&&7Fi-h<DX*footz 0 

[0 0 5 9 ] 

[ J£ 0ij 1 ] 

^m<nmm xzm ~ mit^ * yum? (Attn) cio^-c, ii^i tisctt, 

d CO |£ JP: £ J| 1 l^to 

[0 0 6 0 ] 

[ Jfc ffl 2 ] 

r co r« : « & * i id ^ -r „ 

[0 0 6 1 ] 
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IS? H 



- ^ y 

mm® 




lhr 


nmmi 


IPA(ppm) 


1600 


1180 


7th>(ppm) 


ND 


800 




IPA(ppm) 


1600 


1380 


5W(ppi) 


ND 


250 




IPA(ppm) 


1600 


1250 


7th>(ppm) 


ND 


430 



[ 0 0 6 2 ] 

( x m m i ) 14 , ^ra*^sitii: j:ot, i p A^nkss ia ^^iTtrt hy^^ 
rt^i/^t^^ m m x it !k ttk m v> m is d° d ( it « « 1 ) © 3 « a ± , * t , n k - 

^ S co % * D p p ( Jfc (ft « 2 ) ©tt2fflt)«)«iifc*SJtiStttSt: HSBfe^nto 

[ 0 0 6 3 ] 

4*5, Jb ie Ute « *> i t>* $4 #J 1 , 2 <r>-mfcT * % s * ft ■?? *i , 1 8 otr- 

1 l*BB5**7^«±^tt#«-ttfcK|sHco^"C, _h IB i: 1^ « <d *T ft % S 14 I? flfi R R £ f? 
o tz t Z h s % tt W 1 I- O V> T f4 , I PA»»»*^fi2 5%(STl3t^» JtlSWl, 2 
CoPTii, I P A # m ® * f4 ft 5 0 % <£ T L tz o 

r o r t t>> b s m m m i m z> - n ft f- * > & -?* \t , tt « « 1 , 2 k jt -< r , n & & 9 

4*3, *«:HS*t L4t^Ptfftf*lc:*5^TJ±, ^ T ft (7) ~ M ft f- * y a (ft + lc o r fc , ^ 
<fc (4 « S ft a* o fc c 

[ 0 0 6 4 ] 

[ £ Ik tt 2 ] 

¥ #J fit H 6 n m(7)ll^f t^-ifcf^ VlSatf 5 0 g » * ft h U - $ B L , 

ft f- * > ft fit * * fP IS L fc o 

4*5, ± e * m k fi «= ^ i? « (4 , % tt « i t m « 60 pi a jt jg tt ff m *s r k «t 5 tt o f- e 40 

[ 0 0 6 5 ] 

i 7 (D ^ 7 7 i: L t J; 9 C , 7" p /< v 13 x N H 3 jf 7. \z tt l r , 0 % o tl & 1 4 > ^1 
a # BB UK » -j- 3 * fit MEfitttt^^*!), 2 % Eil ± I- *s ^ T 14 , + » 4 * B ft b ix /c 
o S & , 5 % ± (D m & (c fi , litf-tir, ff*ifc*ttMCfitt3&SB«)btLfco 

[ 0 0 6 6 ] 

[ 31 * « 3 ] 

¥ *9 fit g 6 n m (7) (J I? K flc O - ft fb f $ V 11 » {ft fi[ ^ 5 0 g ilAtt h ^ - 1- 1 1 L , 
N H 3 // x jo J; 7' n > jj x ( N H 3 13 x {c » L T 5 % ) OrI£#*#[ffl^T, 5 0 0 - 50 
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6 3 o °c co m m tt s # & a -c 2 a# « jasa l«t , - g£ it ? # > » & ^ ^ ®j l it „ 

^LT, #M«liflrKK:*s»tfiXMKett«rfflELfc. ft b co & ^ £ , (H 8 lc ^ 7 7 
ft is , ±lB*tt&Stt<o»ffiii, XltMi&IPIIR«>Rr«XSttffPffKAlcj:9f?o^ B 

[ 0 0 6 7 ] 

^3 5 O 0 w t p pm, C!JU6 0wtppm§^t^f:„ 
[ 0 0 6 8 ] 

B9-i 11;, 500 °c , 57ot, 6 2 o t o#iSt-ejR»i L T # f>h t lift f 

^UllfOFE - SEM^I^to 
[0 0 6 9 ] 
[ £ Ik ffl 4 ] 

¥ *S feHI 6 u mWfiffSftttWZlSfcft^^^JHfUata^S 0 g £ £ fez L , » /i mi L/: 0 

iffi IE J* fl£ ft £ , NH 3 ^X<bH 2 ^^ ( N H 3 # * (C ft L T 3 % ) tC0 2 if^ ( N H 3 # 
7. ic ft L T 3 % ) co?l£#*#H^T, 5 9 Ott'8 «pffl|RteiL, » TL $ 7 0 % T? ± ft 
I- ii a tt ( a « tt ) «r*i-5#?L*^&4S**a©*tt*36S#bixfc 0 

*I » £ If « L fc o 

mmSt'Wffi&Cfc^t, * CO g) * jftS P * -C & o fc o 

ft *5 , *?)lXfc*«!i(D«tt*ICO^"C»*rLfti: N^ 3000wtppm, C 

Owt ppm$tiltl>fc 0 
[ 0 0 7 0 ] 
[ * ft ffl 5 ] 

^Sflli^Sftf ^ftfifHCftllJtt ( H » » 5 % ) , m^2 7cmX9 

o cmwB^ai^itL, ^ ?a a « * -fr , u^itisifHt, t e ^ x ? ft * ^ 

fifT IE K & I* » £ £ IB 1 m 3 co S U S H tR y * * A ft fc & . *^Ar;l/f f t Kfcl. 5 
p pm»AL/f *ff (To s h i ba FLR20w, W/M) rt> <b 1 0 c m(0{i6{: 
t 7 h L ft o 

t**rSWHO^/UA7/Uf t K||^v/l/f #^^e ^ ^ (I n n o v a 1 3 1 2 M 
) T* ffl aE L 71 0 

- co a t is * * m i 2 id ^ -r „ 

[ 0 0 7 1 ] 

[ it * W 3 ] 

it & ffl 1 CO - m it ? 9 >- ft ft ^ tc o t > T , HJfi0ij5t|S]«ldLT, ^/^r^ft F» 
ft? fig I? flfi £ fir o o 

1 co ffl s & * £ m 1 2 ic ^ i" o 
[ 0 0 7 2 ] 

Hi 2 (c * L fc J: o ic , ^ *S ffl 5 is , tt & ffl 3 Ic Jt ^ T , * ft *r BB W ic J: -5 ft ft fc r 

r t mmm&G-r % ^ t ^ m «> e> *l fc 0 

*»Wic«si:»ft^^>»«[^(i, ift^Sitr fig « j: 5 is * ^ 
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[ 0 0 7 3 ] ^ " * 

[0 1] *?gWl:«5lBftf ^^*tt-f l:o^t, K - 7° 3 ft fc N go ^ ft (c o v> r 
<£> X P S»»8*^Lf:UT'fc6 0 

[12] ft * p°p O H g& lb ^ * V ft S ^ o ^ T , tlf:NwU^ttl(:o^r(DX 
P S»«fft*S:S LfctW-CifcSo 

[S3] *^P^(C#.5~^fb^^>«C&- : F^#?l.ttgiffi (TPD) CiSNz©^^^ h 

[04] *«WI-«RS-ftftf-^>!»tt : F-0*aKliiSfe (TPD) {Z.XhHztDX^f h 
% 7F L t> CO X'fo S o 

[05] *«WJ-{S5r»{b^^>»fi3[^©#jatt(tffi (TPD) I: j;6C0 2 ^^^^ 
h 4: /T L t t ^ T* § o 

[06] *»W^«S-»fk^^y»tt^-(Oj|.jai|tt|iiSfe (TPD) Ci^IiSmM t 
VWtiSSe (OJtm/e = 6 8f*)5Sd<0^^^ h /l/ ^ L t W T* 5 0 
[07] 2 (Cfc[j'57'D/°y^^{ONH3^^(C^"f5j§^i 3fc fl£ ^ fir t-fe <b <Z) 11] ^ 

[08] iiMai^ini^i/us^ttigtt^Bf^^ 

[09] 5 0 OttiftlLtHbllfcliftf ^XUttfOFE - S E M ^ K -C * S o 
[01 0] 5 7 OtfUfeittiHnfcIgllkf ^jStSfWFE - S E M ? I T' 5 

0 

[01 1] 6 2 Ott'SSftiLTSeJlfclSftf ^aef OFE - sem**-c&* 

[01 2 ] 31 ft 0*J 5 (li^'J 1 ) J; It « 0»J 3 ( Jt (ft W 1 ) *C*>JtS-Kfk^^>»fi[ 



[01]-. [03] 




JS^x^u*- reV J 
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(51) Int. CI. 7 

B 0 1 J 35/08 

B 0 1 J 35/10 

B 0 1 J 37/08 



F I 



B 0 1 J 

B 0 1 J 

BO 1 J 

B 0 1 D 



35/08 
35/10 
37/08 
53/36 



Z 

3 0 1 J 



(72)«9§# UUP tf 

F?-A(#%) 4D048 AA06 AA19 AA20 AA21 AA22 AB01 AB03 BA07X BA41X BA45X 

BA46X BB01 BB17 EA01 
4G047 CA02 CB08 CC03 CD04 CD07 

4G069 AA08 BA04A BA04B BA04C BA08A BA08B BA21A BA21B BA21C BA48A 
BB01C BD01C BD02C BD06A BD06B BD06C BD08A CA01 CA02 CA03 
CA05 CA07 CA10 CA11 CA13 CA17 CD10 DA05 EA04X EA04Y 
EA08 EB18X EB19 EC03X EC04X EC05X EC22X EC22Y EC27 FA02 
FB01 FC06 FC07 FC08 



